Data for the viscosity and thermal conductivity coefficients of dense gaseous and liquid methane have been evaluated. Selected data were fitted to a function derived in our previous work and tables of values were generated for temperatures from 95 to 500 K and for pressures up to 50 MPa (,....., 500 atm). The uncertainties of the tabular values are estimated to be approximately 3% and 5,% for the viscosity ~nd thermal conductivity coefficients, respectively. The contribution for the thermal conductivity enhancement in the critical region is included in the tables. Care has been taken to ensure that the calculated values are consistent with reliable equation.of·state data and also with dilute gas transport coefficients determined previously.
Introduction
The viscosity coefficient ('1]) and the thermal conductivity coefficient (A) of several fluids-argon. krypton. xenon, oxygen, and nitrogen----;have been correlated over a wide range of experimental conditions [1)1. The correlation was recently extended to methane [2] . The object of this paper is to expand on reference [2] hy presenting tables and to give some further details of the correlation. We will follow closely the outline of referenc~ [1] in which criteria for evaluating systematically literature data were discussed and in which an equation for the viscosity and thermal conductivity coefficients was proposed. The criteria and equations will be. used here with only minimal comments.
Correlating Equations
The correlations are based on the behavior of the transport coefficients with respect to temperature (T) and density (p) according to the equations 1](p,T) = '1]o(T) + 1]1(T)p + D..,,' (p,T) , (1) One sees that equations (I) and (2) are of the same structure 2 except that equation (2) includes the term AA~(p,T). This is included to take into account the known enhancement of the thermal conductivity coefficient in the neighborhood of the critical point [3] . (The viscosity coeffici~nt also shows anomalous behavior close to the critical point [4] . The anomaly is small, however, and is not included in the calculated values. ) We have remarked in reference [I] that the form of equations (4) and (5) was independent of the nature of the fluids considered. The behavior of methane [2] is consistent with this characteristic. This apparent generality is a useful feature of the equations but, since they are empirical, each fluid should be treated on its merits without prior prejudice.
Equation of State
The maj ority of transport coefficient data in the literature is reported in temperature-pressure coordinates but we emphasized [1] that a correlation of the coefficients should be preferably in terms of density rather than pressure. An accurate equation or'state is, therefore, essential to our procedure. The equation of state used here for methane is a modified Benedict-Webb-Rubin (BWR), which was introduced and discussed in reference (5] . The equation is, in turn, based on the methane correlation of Goodwin [6] . The form of the BWR and values for its parameters are given in the appendix of the present paper.
The Dilute Gas
The dilute gas coefficients appear separately in equations (1) and (2) . We have discussed the calculation of these quantities from statistical mechanics [7, 8, 9] and have shown, in particular, that statistical mechanics can give a cOllsistent representation of the transport prop~rties and the thermodynamic properties for a simple gas.
Dilute gas transport coefficient data for methane have been listed and evaluated in reference [10] . Calculated values were obtained via the standard kinetic theory equations [9] using the m-6-8 pair potential function of Klein and Hanley [10] . This potential has the form 4>(r) = m~6 [6 
where r is; the intermolecular separation, € the maximum well-depth of the potential, and r m is defined according to the relation <p(r m ) = -E. Repulsive forces between mole-Equation includes a contribution proportional to 8. unlike the corre-)Iponding equation (equation (9) ) in reference [1] . In our earlier work with oxygen. nitrogen. and the rare gases. however, the data were either not sufficiently precise, or extensive to justify seven k coefficients. cules are represented by a 1/ rm contribution, while attractive forces are represented by -1/r 6 and -l/rs contributions; y' depicts the strength of the latter. Since we have discussed the application of kinetic theory to methane in reference [10] , details of the calculation procedure are omitted here. m-6-8 methane parameters are given in table 1. The dilute gas data were fitted to within their 
and similarly for '\.u, hut with coefficients GT (i) (i = 1 --. 9) replacing GV(i) in equation (8) . Values of the coefficients are listed in table 2.
Calculation of the Thermal Conductivity
Coefficient in the Critical Region
The quantity .~Ac appears as a separate term in equation (2) and represents the anomalous behavior of the thermal 5.311764 X 10-2 conductivity coefficient in the neighborhood of the critical point [3] . There is no doubt that AAc can contribute sig- [13] 283-410 K 2% Pressu'res to 54 MPa Barua et al. [14] 223-423 K
2%
Pressures to 17 MPa Kestin and Leidenfrost [15] --296 K 1% Pressures to 15 MPa Boon and Thomaes [16] Saturated liquid 3% 91-114 K nificantly to the value of the thermal conductivity coeffi-Thermal conductivity cient and has to be included in a correlation [1] . Conductivity data, however, in the critical region for methane are scarce and we prefer to obtain AAc by calculation.
The calculation follows a procedure suggested by Senge.rs [3] anrl ~yp:m(Jp'(J hy Hanley, Sengers. and Ely [11] . Details are given in reference [11] , in section 3.2 of reference [1] , and in reference [2] , Our application to methane is given in appendix. C of reference [2] .
Data Selection and Correlation
Since the dilute gas coefficients, ' YJ:o and A. o , have been calculated previously [10], we considered here data for the dense gas and liquid regions only. A comprehensive search of the world's literature through 1975 turned up reference [12] t - [37] for the viscosity coefficient and references [38] - [49] for the thermal conductivity. Much of the data prior to 1970 are summarized in references [50] - [52] . The data reported in these papers were examined according to the criteria set out in section 2 of reference [1] . The data used for correlation purposes were chosen on, the basis of the procedure described in section 2.3 of refere~ce [1] , and table 3 gives the final choices with our accuracy assessments.
We have shown that it is essential to have reliable data close to the saturated liquid boundary and for at least one high temperature (about 2 Tc) isotherm if equations (1) to (5) The experimental coverage for the thermal conductivity coefficient of methane is perhaps the most extensive of any fluid due to the measurements of Mani [39] , using a transient hot wire technique, and to those of Le Neindre [38] , using a concentric cylinder apparatus. In the region of overlap, data from these two authors differ systemati-Le Neindre [38] 298-723 K 4% Pressures to 100 MPa Mani [39] 139-400 K 3.5% Pressures to 60 MPa Ikenberry and Rice [40] 98-235 K 5% Prp.!;!;1lrp.s to 50 MPa cally by about two percent, which is within their estimated uncertainties.
Parameters for Equations (3)-(5)
The parameters for equations (3 ) -(5) were estimated by the least squares procedure outlined in section 3.1 of reference [1] , using the selected data from. table 3, and are given, in table 4. As remarked, however, thermal conductivity data close to the critical point (from references [39] and [40] ) were excluded from the fit; rather AAc was obtained by calculation [2] .
Deviation Curves
Representative deviation curves are shown as figures 1-4. In every example the percent deviation has been defined as
expt. (9) The figures are self-explanatory and show that we have been able to fit the data. to within the estimated experimental uncertainties w iLh· uut: po:s:siLle exception: namely, the calculated viscosity coefficient appears too low close to the critical point, see figure 1 . Although it is possible that experimental error and/or incorrect density values contribute to the deviation, it is more likely that the deviation is the result of a small enhancement in the viscosity close to the critical point [4] , which is excluded from the correlating equation.· This feature was also observed in our previous work [1] . 
.5 DENSITY,. 9 /cm 3 FrI'!TTRF. 1. Deviations between experiment and calculation for the viscosity of saturated liquid methane.
Construction of Tables
We constructed tables of values for the viscosity coefficient ( temperature range is 95 to 500 K. The pressures extend to 50 MPa for temperatures less than 205 K, and to 75 MPa for temperatures between 205 and 500 K. These ranges sometimes correspond to a slight extrapolation of the data. The correlations, however, are based on the temperaturedensity hehavior of the transport coefficients. Density is the Iiniiting variable. We therefore assured that a P·T entry in the table did not correspond to a density exceeding U.445 g/cm 3 (27.S mole/l), which was the upper experimental limit.
For convenience we constructed table 7 which presents value:) fm the ~aturated liquid.
Uncertainty of· the Tables and Extrapolation
Our assessment of the correlating procedure of reference [1] led to the conclusion that the correlation does not give
Thermal conductivity deviations at representative temperatures above 300 K. A general equation, identical in form for both transport coefficients (excluding the critical point enhancement for the thermal conductivity coefficient), has been used to represent selected viscosity and. thermal conductivity data of methane from the dilute gas to the dense liquid. Parameters for the equation were determined by fitting experi. mental data. Comprehensive tables of transport coefficients are presented.
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The where, to he consistent with refeTp.nr.e [5] , P is in atmospheres, p is in mol/l; and T is in kelvins.
The coefficients are
Nl ~ 1.8439486666 X 10-2 N2
1.0510162064
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